An automated system for the routine large-scale assessment of motor activity in rats has been established in this laboratory for use in toxicity testing. This study was designed to evaluate the validity and sensitivity of motor activity measurements for routine use in toxicology studies. The effects of two known neurotoxins, acrylamide (ACR) and 3'3'-iminodipropionitrile (IDPN), were measured in rats using an automated photocell device in the context of a routine toxicology study. One hundred Sprague-Dawley rats (lO/sex/group) were dosed with vehicle, ACR (10 and 30 mglkglday) or IDPN (SO or 125 mg/kg/day), by oral gavage 7 days per weelk for 5 weeks (except where otherwise indicated). Motor activity was measured in 5-min test sessiens prior to initiating treatment, 6 and 24 h after the first dose, and weekly thereafter. Significant mortality occurred in high-dose ACR animals during Week 3. A 10-or 7-day recovery period was initiated after 20 or 22 daily doses for high-dose ACR and IDPN animals, respectively; after which, the high dose ACR and IDPN animals, respectively; after which, the high dose of ACE: was lowered to 20 mglkglday. Rapid habituation to the test environment occurred over the 5-imin testing sessions. Significant depressions in activity were observed in high-dose ACR males during Weeks 3 and 5 and in high-dose ACR females during Weeks 2-5. High-dose IDPN females slhowed no significant changes in activity. However, significant activity depressions were noted in males during weeks 1, 3, and 5. When depressions in activity occurred, they were apparent over the entire test session. The sensitivity of activity measures was sufficient to detect a 15% change in activity levels as compared with controls, with sufficient statistical power to meet regulatory requirements. Inclusion of motor activity assessments complements the additional parameters routinely measured in toxicology studies, augmenting hazard identification.
INTRODUCTION N GENERAL, MOTOR ACTIVITY REFERS to the numerous motor acts emitted by animals in the presence or absence I of specific behavior-eliciting stimuli. Therefore, in its purest sense, motor activity encompasses the entire spectrum of behavioral events emitted by an organism. In its narrowest sense, "locomotor activity" can be described as movement from one point to another, either horizontally (ambulation) or vertically (rearing).(')
The assessment of motor activity has been extensively utilized to study the neurobehalvioral consequences of pharmacological agents, environmental variables, brain lesions, and toxic Motor activity is useful in assessing the neurotoxic potential of chemicals because it reflects the functional output ofthe nervous system and represents a behavior relevant to survival.(*) Regulatory agencies (i.e., the U.S. EPA) have recognized the utility SCHULZE of assessing motor activity in screening for neurotoxicity and have published guidelines for using automated activity assessments in toxicology studies.") A wide variety of methods are available for measuring motor activity in rodents, and range from strictly observational techniques to sophisticated automated devices. Automated devices used for assessing motor activity include photocell devices (open fields, figure-eight mazes), mechanical devices (force platforms, running wheels, jiggle and tilt cages), field detectors (ultrasonic, capacitance and resistance circuits), touch plates, and video recording devices.(', 3-4.8 ) Each automated device is unique and possesses differential sensitivities to similar motor acts because of qualitative differences in the way activity is measured.(y*'O)
A variety of external environmental variables as well as internal variables are known to effect the motor activity of animals. The type of method utilized to measure motor activity is the most obvious variable.('-lO) External variables known to effect activity levels include the level of illumination, time of day (circardian variables), noise level, temperature, humidity, and test and housing conditions.(',2' Internal variables, such as the species and strain of the test subject, age, sex, hormonal or nutritional status, and previous experience in the testing environment, can also affect activity levels.('.2' When designing experiments to assess motor activity, the effects of such variables must be recognized and controlled in order to minimize variability and generate meaningful data.
The U.S. EPA, in promulgating guidelines for assessing motor activity, recognized the susceptibility of these measurements to extraneous variables. To enhance the power of these assessments, EPA has specified methods to minimize extraneous sources of variability. Specific requirements include controlling for the time of day and environmental conditions (noise level, temperature, etc .); counterbalancing groups across activity devices; specifying moderate levels of baseline activity so increases or decreases in activity can be detected; specifying that the duration of measurements should be long enough for behavioral habituation to occur (asymptotic activity levels over the last 20% of the test session); and ensuring that, given the variability of the data generated by a given activity monitoring device, enough animals are used to detect a 40% change in activity with 90% power and a type I error rate of 0.05. (') The experiments described here were designed to validate the usefulness of large-scale assessments of motor activity as an adjunct to additional parameters measured in the conduct of toxicology studies. The effects of two specifically selected chemicals, acrylamide (ACR) and 3'3'4minodipropionitrile (IDPN), were examined to validate these methods. These compounds were selected based on their well-characterized mechanisms of action," '-I5) known dose-dependent behavioral and neuropathological effects in animal model^,(^^-'^' and recommendation as positive controls by the EPA Neurotoxicity Guidelines.(') The ultimate goals of this study were (1) to determine the efficiency of assessing motor activity in the course of routine toxicology studies and (2) to determine if these procedures possessed sufficient sensitivity to detect neurotoxicity by utilizing positive control agents.
MATERIALS AND METHODS

Animals
One hundred (50/sex) Sprague-Dawley rats (Charles River Laboratories, Inc., Raleigh, NC), approximately 6 weeks old, served as subjects. The animals were housed individually in stainless steel, hanging-wire cages with a 12 h lighvdark cycle (lights on at 0600), at a temperature range of 76 k 6"F, and a relative humidity range of 47 k 15%. Food (Purina Certified Rodent Chow #5002) and water (via an automatic watering system or water bottles) was available ad libitum. After a 2 week acclimation period, rats were stratified by weight, randomly assigned to groups, and identified by individual eartags.'") Chemicals ACR (99% purity, Sigma Chemical Company, St. Louis, MO) or IDPN (99% purity, Eastman Kodak Company, Rochester, NY) was dissolved into distilled water and administered by gastric intubation at a volume of 10 mYkg. Dosing solutions were prepared once weekly and refrigerated until use.
Activity measurements
Motor activity was monitored by placing rats in one of four circular activity chambers (18" diameter X 18" height) equipped with a rack of eight photocells and a lid which darkened the chamber (!$an Diego Instruments, Model PAS, San Diego, CA). Chambers were controlled by a NEC APCIV personal computer. Chambers were located in a sound-attenuated room equipped with a white noise generator (Lafayette Instrument, Lafayette, IN) to control for extraneous background noise. Four rats (balanced across groups) were assessed simultaneously, at approximately the same time for each session day (except where indicated). Activity sessions lasted 5 minutes and activity counts (photobeam breaks) were recorded at I minute intervals.
Experimentul protocol
Treutment. Animals were randomly assigned to five treatment groups ( 10 of each sex per group). To avoid possible bias, dose levels for each compound were randomly assigned to groups and coded '$0 that technicians were blind as to dosing solution identity. Group assignments were Group 1: 10 mgikg ACR, Group 2: 50 mgikg IDPN. Group 3: 30 mgikg ACR, Group 4: Control (distilled water), and Group 5: 125 mgikg IDPN. Animals were dosed 7 days per week for 5 weeks. Doses of ACR and IDPN which were based on literature reports"5-") and pilot studies, were spaced at half-log increments"' and adjusted weekly based on body weight. The oral route of exposure was chosen because it is commonly used in safety evaluation studies and often mimics human exposure conditions. A 10-or 7-day recovery period was initiated after 20 or 22 daily doses for high-dose ACR and IDPN animals, respectively. After the recovery period, dosing was reinstated for both groups, and the ACR dose was lowered to 20 nigikg per day. The recovery period was instituted due to rnortality in the high-dose ACR group and in an attempt to determine clear treatment-related effects and their reversibility by rechallenging animals after a brief recovery period. This experiment was conducted under Good Laboratory Practice Regulations and approved by an Institutional Animal Care and Use Committee.
Activity assessments. Assessments of motor activity were conducted prior to treatment, 6 5 3 and 24 +-4 h following the initial dose, and weekly thereafter on all animals. Weekly activity assessments were conducted prior to administration of that day's dose to avoid acute pharmacological effects.
Addirionul measurements. In addition to assessments of motor activity. a Functional Observational Battery (FOB) was conducted on each animal according to the aforementioned assessment schedule. The following parameters were also measured during the course of the study: body weight and food consumption (determined weekly); toxic signs (observed twice daily); blood samples (obtained at termination) for routine clinical pathology studies; selected organ weights; and microscopic examinations of selected tissues. These parameters are routinely monitored during the course of toxicology studies. They were monitored in this study to show that the additional measurements of !ocomotor activity and a FOB could easily complement these standard measurements. These parameters are not discussed in this report, but may be found elsewhere.'*"
Stutisticul analysis
Activity data were analyzed using a two-way repeated measure analysis of variance (ANOVA)."" If significant treatment or treatment-time interactions were observed, then one-way ANOVAs were performed at each time point. If significant treatment effects were observed at a given time point, then Dunneitt's multiple t-test was conducted to determine significant differences from control (p S 0.05).'"'
The minimum detectable difference from control means were calculated using an interactive Fortran computer program described in detail by D~n l a p . "~' These calculations were conducted to determine the minimum detectable differences from control activity levels based upon sample sire and the actual experimental variability inherent in the data-setting power at 90% and the type I error rate at 0.05. All calculations were based upon the following equation (see D~n l a p ' *~' for more detailed explanation):
Note: d, and d, are the numerator and denominator degrees of freedom, F is from the actual F distribution at alpha = 0.05; I' is the noncentrality parameter. Four high-dose ACR males and two ACR females died or were sacrificed during Week 4 of the study. All other 2 5 100-
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Total activity counts
The effects of ACR and IDPN on total activity counts are presented in 
Behavioral habituation
The effects of ACR and IDPN on the habituation of activity levels are graphically represented in Figure 2 . During the pretreatment assessments, no significant differences were noted between groups. Habituation to the test environment occurred rapidly within the 5-minute session. No significant differences were noted between mean activity counts which occurred during the last 2 minutes of the session (ix., the last 20% of the session). After 3 weeks of treatment, divergence between groups became evident. As compared with controls, activity counts in the high-dose ACR group and IDPN males were depressed over the entire test session. ACR or lDPN did not produce an apparent effect on the rate of habituation. Behavioral habituation continued to occur rapidly.
Power calculations
The mean total activity counts of each treatment group, as calculated by the overall analysis of variance procedure (ix., collapsed over time), are presented in Table I . Based on sample size and the variability of data obtained from this experiment, the minimum detectable difference in activity counts with 90% power and an alpha level of 0.05 was determined to be 15% (expressed as a percentage of the control mean).
DISCUSSION
Assessment of motor activity, as employed in this study, was able to reliably detect and differentiate between the effects of ACR and IDPN. Both compounds produced detectable effects on activity only after repeated exposure. The ACR-induced depressions in motor activity observed here are consistent with literature reports. For example, it is reported that administration of ACR to rats at a dose of 10 mg/kg per day for 13 weeks did not significantly alter motor activity, while a dose of 20 mglkg per day produced significant activity depressions."" The depression of motor activity in ACR-treated animals is consistent with peripheral neuropathy, an effect known to be produced by ACR.(l4.l9) The clinical condition of high-dose ACR animals improved during the dosing cessation period, but activity remained depressed, suggesting that ACR effects are not rapidly reversible, an observation consistent with peripheral neuropathy . '' 9,
MOTOR ACTIVITY ASSESSMENT
No published reports regarding the effects of IDPN on automated measures of motor activity could be located. However, several reports indicate that a period of hyperactivity develops during the initial phase of IDPN intoxication.(I6-l8' This eventually progresses to a permanent movement disorder characterized by spontaneous lateral head movements and circling."7.'x' No significant increase in motor activity was detected for IDPN-treated animals in this experiment. Increases in mean total activity counts and activity counts for the first 3 minutes of the test session occurred in the high-dose IDPN females during Week 5 . However, these increases failed to reach statistical significance.
The environmental conditions used in these experiments yielded moderate levels of lbaseline activity which should be sufficient to detect either increases or decreases. A 5-min activity session enables rapid assessment of a sufficient number of animals to meet the power requirements proposed by the U.S. EPA."' It has been recommended that assessments of motor activity be conducted under dim illumination."' The addition of lids to the activity chambers produced low levels of illumination resulting in moderate activity counts (400-450 and 425-500 countsI5 min for males and females, respectively). This simple environmental manipulation maximizes screening conditions, thus allowing shorter assessment periods. Rapid habituation occurred with activity approaching asymptotic levels within the 5-min testing session. This rapid habituation is consistent with literature reports using simple open-field device^."^^.^^' However, when more complex testing environments are used, such as the figure-eight maze, habituation occurs more slowly, taking up to an hour to reach asymptotic level^.'^' Simple open-field activity devices have the advantage of rapid habituation and shorter assessmenit periods and meet EPA requirements for assessing motor activity in toxicity studies. For these reasons, simple open-field devices are more applicable to large-scale screening situations, enabling quick, efficient assessment of motor activity in a relatively large number of subjects.
The sex differences observed for IDPN-treated animals, in which males were more severely affected that females, have not been previously reported because the majority of published studies used only male subjects."'.'6-'8' The cause for these sex-dependent effects of IDPN remains unknown and warrants further investigation.
The toxicological significance of chemical-induced alterations in motor activity has been questioned.'26) The question arises, Are compounds that produce alterations in motor activity neurotoxic? It should be stressed that alterations in motor activity per se may not represent a direct effect of a chemical on the nervous system. Systemically toxic compounds can alter motor activity without directly affecting nervous tissue.'27' A chemical must not be labeled neurotoxic based solely upon its ability to alter motor activity. Motor activity may, however, be considered indicative of toxicity, having a'direct or indirect neurological c~m p o n e n t . ' : '~~~~'
In an initial toxicity screen, assessment of motor activity has several favorable points, including reliability and s e n~i t i v i t y . (~.~*~~' For example, motor activity has been shown to be as equally sensitive as operant conditioning in detecting pesticide-induced behavioral change^.'^.^' However, chemical-induced alterations in motor activity should not directly implicate neurotoxicity . Used in conjunction with additional behavioral tests and measurements routinely collected during toxicity studies, motor activity data can contribute to a more definitive conclusion regarding neurotoxic potential.
In conclusion, this study demonstrates the utility of automated motor activity assessments in detecting and differentiating the effects produced by two prototypic neurotoxicants. The data generated by these assessments have utility in screening compounds for their toxic and neurotoxic potential. The behavioral results can be further correlated with the results of physiological parameters (body weight, food consumptions, etc.), biochemical measurements, and histopathological examinations routinely conducted in the course of toxicity studies to enhance the overall hazard evaluation process.
As in this experiment, normal female rats generally show higher activity levels than
